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mOmIcALNOTENo.17=

ForVanelessdiffuserdiametersof34$27j24$and20Inohes
werestudiedbysuccessivelyouttingdowna 34-inohvandms
Ul?fhserandrunningitina vzmiable-ocmponetirigwitha mmer-
oialmhd-fl.owimpellsrtodeterminethevariationsinbothmm-
presmrandMffhsereffidenoywithdifftmer(Mmeter.Runswere
madeataotualImpellertip speedsof500to1300feetpersemnd
through a rangeofairflowsfrcmopenthrottletosurgetoinves-
tigatetherelationbetweendiffusereffidenoyanddiffuser
aiamterunderwidelyvaryingomratlngconditions.Total-pressure
surveysweremadeatseveralradiithroughoutthediffuserandtheses
,togetherwiththestmdardnwsurements,~iba informationmn-
oerningthemagnitudeti thelooationoftheimportantlossesin
effioienoythroughthemmm.

SubstantialvariationsInover-allmmpressorperfomanoewere
prduoedbychangesInMffu8erdiameter;over-allcmpressoreffi-
denoyinomamdwithincreasingdiffwerdiameter.hall the
&Lffusers$lossesineffidenoywerehitea totheentranoeand
exitzwgions,lossesintheinterioroftheMffusersbeingnegli-
gible.Diffuser-exitlossesinoreasedfrom3to15pointsas&Lffuser
diameteraemeaseilsthelossesbeingapproximatelyinverselyPZ’OPW-
tiOnaltothesqusxeoftheaiffiuer Umet-. Diffhser+dm=oe
lossesamountedtoabout0.06hndshowednosystematicvariation
withUff’userdiamter.Ingeneralsmeanentranoe- exit10SSeS
variedonlyslighblywithloadmeffidentW tip speed.

Noimportant effeotsofdiffuserWmeteronimpellereffi-
oienoywereobserved.

“the
me vandess aiffuser, asO~a with
desirabledmraoterifiioofa relatively

the vaneadiffuser$has
flateffidenoyourve
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2 19AOATlVNO.173.3

overawideroperatingrangebuthastwoseriousdisadvantages,com-
parativelylowpeakefficiencyandexcessivesize.Reference1
describesamethodofales- vanelessdiffusersaPwideopenting
rangeand.presentsexperimentalevidencethatvanelessdiffwerscan ,
bedesignedtogivepeakcompressorefficienciesthatccnnparefavor-
ablywiththoseobtainedbyusingthesameImpellerandthemanu-
facturer1svarieddiffuser.However,becausethediameterofthe
vanelessUfYuseris34-es andthatofthevarieddiffuseris17~
a st@$oftherelationbetweenvaneless-d.iffuserdiemeterandeffi-
ciimcywasmadeattheI?ACA.Clevelandlaboratorytodetermine
whetherthesizecouldbereductitodimensionsccauparablewith
those& thevarieddiXfuserwithouthcurrhgprohibitivepenalties
inefficiency. -

A duplicatecd’theopt$mumvanelessMf’fuserofreference1
wasthereforereducedinthreesuccessivestepsfroma 34-inchdiam-
etertoa diameterd 20inches,whichreducedtheVaneless-diffuser
diametertoabout18percentmorethanthatatthemanufacturer’s
variedW?fuser.

Thessmeimpellerwasusedinthisstudyasinreferance1.
Eachoftheimpeller-diffusercombinationswasrunoverawiderange
ofactualtipspeedsandoverarangeofvolumeflowsfromopen
throttletosurge.Pressuresurveysatseveralradialdistances
alongtheMf’fusers,togetherwithstandardmeasurements,provided
dataforiietermx.theapproximatelocationandmagnituded
ene~ lossesintheMf’fuserpassages.

.
APmRAmsAm ~IOIV ‘

A variable-componentrig(reference2)wasmodifiedbysub-
stitutinga singletangentialoutletforthetworadialoutlets.No
appreciabledifferenceinperformanceresultedfzwmthischangein
setup.

Theccmrmerotaltied-flowimpeller(fig.1)dischargestheair
withana~reciableaxialcOmponentofvelocity.Wtead ofbeing
sharplycurvesattheinletinducersection,asischaracteristicof
conventionalimpellers,thebladesaredesigneilwitha gradual
curvaturethroughouttheentirelemgth.Theimpellerissemi-
shrotietL,has23blades,aninletdiameterof8.250inches,anda
tipdiameterthatvartesaxiallyfrom11.015to11.241inches.The
runningZmntalclearanceoftheimpelleris0.035inch.

,

.
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Thevanelessdiffusershaveanareaexpansion,alonga
logarithmic-spimldesignpath,equivalenttothatofa 6°ooneand
a ratioofthroatwidthtoInlet”widthat0.72.The.largestdiffuser
usedwasthediffuser@vingopt- performanceIn~erenoe1. The
small&users wereformedbysuccessivelyouttingdowntheoriginal
diffuserof34-inohdiametertodiemetersof27,24,- finally
20inches.Thediffusersuzfabeswerepolishedandlacqueredfor
thisseriesofexperiments.A perspectivedrawingaftheimpeller-
diffuserassemblyisshowninfigure2.

~ additiontothestandardinstrumentationPI andP2
(referanoe2),total-pwssuretubesP3 to P7 wereInstalled
alongtheUffuserattheradiishowninfigure3. Thisfigurealso
showsthetotal-pressuretubeemployed,whiohwasa 3/32-inoh-
diameterqllindrioaltubewithonsendpluggedandnunded&f and
a O.020-inoh-diameterholedrilledthroughthewallneartheplugged
end.Thesetubeswereusestoestablishthedistributionoftotal
pressurebetweenthefrontandrearwallsofthediffuserandwere
solocatedradiallythateaoh~aucti=indiffusersizeeliminated
onepressure-surveystatimandplaceathenextstation1/2inoh
frcuntheperiphery& themodifiesdiffuser.Forthesepressure
surveys,thetotalpressuresatfourpointsacrosstheUffuser
channelat,eaohradiuswereaetezminedandthearithmeticalavemge
ofthefourrea~s wastakenasthetotalpressureatthatstation.
Thesepointswerethemiapotitsaffourequalcnss-ohannellengths.

.
mocEDuRE

Thestandardprocechrefortestingcentrifugalsuperchargers
wasfollowed,runsbeingmadeforemhimpeller-diffuserocmbination
fromopeqthrottletosurgeatthespeeds#hewninthefollowing
table:

Diffuser Actualimpellertip6peed.
diameter (ft/see)
(in.) 5007008009001000110012001.3oo
34 x x x x x x,
27 x x x x x x x
24 x x x x x ‘x x
20 x x x x x x x x“

Anelectrictachometeroftheprescribedamuracy(reference2)was
usedtomeasuretheim@lerspeeil,anda calibratecistroboscope
providesa mntinuousvisualoheck.onthisspeed.Impellertipspeea
wasbaseaonthemaxhnumdiameterd thehpller.

— — . —.- -—----—- ------- Z - —- --- .- “-.————- . ..— — _ ——— —— . ..- .
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Thetotaltemperaturewasassumedtobeconstantthroughoutthe
.

diffuserandequaltothetotaltemperatureatthemeasuringstation
intheoutletduct.Ambientinlet-airtemperaturevariedoverthe
seriesd runsfrom680to100°F. . g

Adiabaticdfioiencywascalculatedfromthemeasurementsin m
theinletandoutletduetsP1 andP2,respectively,amdfromthe ~
pressuresurveysateaohlooationoneaohofthediffusersP3
to P7. Ce&mzlationsofthepe%formsncecharacteristicsweremade
inaccordancewiththeremnmmndationsofreferenoe3 (where
applicable)fromthepressurereadingattheappropriatesurvey
station,insteadoftheoutlet-ductpressure,inordertofM the
efficiencyohangesthroughthediffuser.Theconsidemtionsunder-
lyingtheMffuse&exit-velooityoaloulationsaregiveninappendix
andthemethodusedinfindingthesevelocities,inappendix&

REsml!sm msoussIoN

Forbrevitythefollowingtermsareemployedinthediscussion:

1. Impellertiiolenoyreferstotheefficiencydetermined
frompressuremeasurmnents0.25inohdownstreamofthehpeller
outlet(station3).

2.Diffuserentrancereferstotheregionbetweenstation3,
0.25inohdownstreamoftheimpelleroutlet(radius,5.87in.),
andstation4 (zzdius,9.5in.). .

3.llrbernalrefe~”tothpregimbetweenstation4 (radius,
9.5in.)andthesurveystaticm0.5inohupstreamofthediffuser
periphery(station4,5,6,or7,dependingonthediffuser).

4.Diffuserexitreterstotheregionbetweanthediffuser-
exitsurveystation(0.5h. upstreamofthediffuserperiphery,
station4,5,6,or7)andthemeasuringstationintheoutlet
duct(station2).

Diffuser-entrancelossesdonotincludelossesinthefirst
0.25Inchofthediffuser,sothatimpellerefficiencyispenalized
anddiffuserefficiencyexaggeratedbythisunknonfactor.Onthe
otherhand,Mffuser-ent-celossesareprimarilyattributableto
badflowmnditiansattheimpelleroutletoausedbyineffioiant
impellerpassagesandshouldnotbechargedagainstdiffuserdesign
eventhoughthepressurelossesactuallyoccurinthediffuser
entrance.Diffuserefficiencyispenalizedtotheextentthat

A
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diffuser-exitlossesincludeskin-frictionlossesintheoutlet
duct● Thefrictionlossesintheoutletdudarerelativelysmall,
however,beoauseofthelowvelocitiesand,as theywouldoauseno
essentialchangesintheresults,theyareincludedwiththemomen-
tumlossesasdiffuser-exitlosses.

Impellerefficiemy.-Althoughimpellerefficiencywasa sec-
_ considerationinthisstu~andtheuncertaintiesoftotal-
press&emeasurementsattheimpeileroutletmakethesignificance
ofimpelle~efficienoycalculationsquestionable,anydefinite
trendinimpellerpezt’ormanoewithchangingUf’fuserdiameterwas
pertinentanda preliminaryinvestigationoftipellerefficiency
wasthereforeundertaken.

Theaveragevalueofpeakimpellerefficiency(ova?therange
oftipspeedsemployedwitheaoh&M’user)variedfrom0.91to0.88
andnocorrelationexistedbetwe~diffuserdiameterandimpeller
efficiency.Peakimpellerefficiencydecreasedwithinorea+ngtip
speedinessentiallythesamemannerforallfourcliffusers,
-~ fromabout0.94atanaotualtip speedof500feetper
secondto0.84atanactualtipspeedof1.300feetperseooti.
Impelleroperatingoondittonswiththedifferent diffuserswerenot
completelysimilarbeoausetheremendedprooedure(refermce2)
specifiesa pressureof40Inohes& mercuryabsoluteintheoutlet
duet,wh3chneoessttatesa higherimpeller-outletpressurewiththe
smW diffusersthanwiththelargeones.

DM’fuserefficiency.-Anover-allpiotureofthebehatiorof
thefourdiffusersmaybeobtainedfromfigure4fortherunsat
peakcompressoreffioienoy.AMabaticefficienciesareplOttOafor
eaohofthesurveystationsandfortheoutletductatlow,medium,
andhightipspeeds.Iinportamtlossesocourexolueivelyinthe
diffuser-entranceandddffuse=exitregions,internallossesbeing
relativelyinsignificant.Diffuser-entranoelossesforpeak-
efficienoymnsaverageaboti8pointsandtheirmagnihdebearsno
relationtodiffuserdiameter.QualitativelysimiWresultswere
obtainedina studyofvaaeless-di#userfrictionfactors(refe-
ence4),whichindicatedthattheapparentfriotionfactoratthe
entranceregion,calctitedfmmbothtotal-andstatic-pressure
measurements,wastwotothreetimestheinternalfzzLotim factor.
Diffuser-exitlossesrangefrom3 to15pointsand,- general,
inozwaseasdiffuserdiameterdecreases.

Essentiallythesameresultsareobtatiedifavezagevalues&
thelossesinthethreeregions& thediffuser‘areplotted(fig.5).

#
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Thevalue plottedistheaverageofthelossesat
efficiency,andminimum

madmum,peak-
loadcoefficientforallimpellertips~eds

atwhiohthediffuserwasstudied.Inortlertoreduoetheeffectof
variationsinefficiencyupstreamofthepointunderconsideration,
lossesareshownaspercentagesoftheetlPicienoyatthatpcdnt,
thatis,entrance10ss8sInpercentageofimpeller-outletefficiency,
internallossesinpercentageofUffuse*entranoeeffiotemy,and
difYuser-exitlossesinpercentaged diffuser-exitefficiency.
AvezageW?fuser-entmanoelossesareappros3matelyoonstantatabout
6peroent.Theapparentinoreasewithdiffuserdiameteris~obably
inaignWtoantinviewoftheinawmraoies& impeller-etitmeasure-
ments.Averageintemuallosses,aluayssmall,lnoreasedslowly
withincreasingdiffuserdiameter,aswouldbeeqeoteilfromthe
il10r8aS8dlengthofflow-path.AverageUf’fuser-exitlosses
inoreas~frcm3to13peroentasthediffuserdiameterwasr8au08a
from34to20inches.

IWmanoelosses.-Thebehaviora?entranoelosseswithvarying
loadooeffioientisshownforthefourdiffusers(fig.6)forthree
impellertipspeeds,togetherwiththeman valueoverthethree
speedsforeaohoftheUf’fusers.Thevariationsineffioienqloss
withloaacoefficientappeartobesmqllaniermtloandnosignlf-
ioantMfYerenoesefistinthebehaviorofthedifferentdiffusers.

Themeanvariationsineatranoelosseswithimpellertipqped,
forthefourMfYusersareshowninfigure7. Valuespltiteaare,
fora givendiffuser,theminimum,peak-efficiency,~ maalmum
loaacoefficients@ theave~ec&thesethree.Thebehavior-of
alltheMffusersisqualitativelysimilar,meanlossesbeing
essentiallyoonstantuptoa tip~eeaofabout900fee%perseoond,
andthenincreasingslowlywithtipspeea.~ general,thelosses
atthehightipspeedsaresomewhatgreaterforthelarger-diemeter
diffusers.

12citlosses.-Thevariationsindiffuser-exitlosseswith1-
coeffici~tforthefourdiffusersareshowninfigure8forthree
impellertipspeedstogetherwiththemeanvaluesforthethree
speedsforeaohdiffuser.Forallthediffusers,exitlosses
inoreaseslightlywith-a ooeffiolent,therateofinoreasebeing
almostlinearandaboutthesameforalldiameters.Absolutevalues
ofexitlossesincreaseinapproxhatelyinverseproportiontothe
squeawoftheMffuserdiameter.Theover-alleffioienoyofthe
compressorisaccordinglytiuceaasthediffuserdiameteris
*ucea. /

.

.
“
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lhgene?al,exitlossesdeoreaseslightl.ywithincreasingtip
syeed,(fig.9).Therateofdecreaseisessentiallyoonstantin
mostoasesandappearstoinoreasewithdecreasingdiffuserdiameter.

Diffuser-exitvelocity. - Thevelocityatthediffuserexitis
pertinentinthatitaffo-abasisforestimatingthelossesthat
maybeexpeoted.inthecolleotor.Theexitvelocitieswereoa,l-
~~teil(appendixB)foreaohdiffusertiplotteaagainstload
Ooefficimt(fig.10)forthedifferenttipspeeti.

TheUliwryvelocitiesafthefourdiffusersandtheoo~-
spaudingdynamlmpressuresforanaotualtipspeedC&1100fee~per .
seoond,a designloadcoeffioten-tof0,26,andanoutlet-duettotal
Pssureof40inohesofmercuryabsolutearepresenteainthe
followingtable:

DimlserExitvelocityDynamioPressurelosswith80-percent- -
diameter(ft/see)
(in.)

pressureeffiai~toollector
(in.Hg) (in.Hg)

34 237 0.95 0.19
27 327 1.86 .37
24 378 2.54 .51
20 488 4.36 .87

H a oolleotorhavinganefficiencyof80peroentisassumed,the
pressurelossesatthediffuserexitwouldbeasshowninthefourth
oolumn.Withthis~thetioaloollector,thegainwitha 34-inoh
insteadaPa 20-hohUffuserwouldbeonlyabout0.7inohof
merouryabsolute.Thispressureinorementisequivalenttoa gain
inover-alleffioienoyaP0.016.Withsucha oollealmr,thediffuser
Uameterwouldthere&oredependprimarilyontheexitvelocity
tkairea.

n
General discussion.-Beoauseoftheohaotioflowattheimpeller

outlet,thediffuser-entranceregionispreciselythatportionofthe
Uffuserforwhiohnodetailedaesigntheoryispossible.Withthe
presentinf’omation,thelossesinthisregionmaybelargely
Unavoidableuntiltheflowfromtheimpellerisimproved.Onthe
otherhad, theflowatthediffuserexitisrelativelysteadyEU@
itshouldbepossibletodesigna transitionsectionthroughthis
.regionthatwould.reduoeexitlossestothepointwherea small
vanelessUf’fuserwouldpermitompressoropezationatsatisfactory
efficiencies.

.
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sm’MARYQFREmJms
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Anexperimentalstudyinaysriable-=U=@ rigoffourTane-
lessdiffusersd differentdiametersovsa’a range& tipspeeds
frm 300to1.300feetperseoondti airflowsfromopenthrottleto
surgegavethefolluwingresults:

1. Mportantlossesineffiaienoyocourredinthevldnltyof
thed&hserentmnoeand-t, Internallossesbeingmmparatively
negligible.

2.Diffuser-entranoelosseswereappzwxhatelyomstsntat
about6paoent,forallMameters.DMfhser+xitlossesinmwased
from3 to16pointsasdift’userdiameterdeomeased,the,lossesbeing
approximatelyinvezwelypzwpcmtionaltotiesquareofthediffuser
diameter.Theove~llefficiency& thecompressoristherefore
reduoedastheUffuserdiameterisreduoed.

3.Theeffeot.@diffuserUamet=onUffuser-entranoelosses,
internallossesinthediffuser,andimpelleraffiolenqwasslight.

4.VariationsinloadooefLRicientandinImpellertipspeed
-c- comparativelysmallchangesIndiffuserdf’ioienoyandthe
ohanges-, ingeuwal,similarfordiffusersofdifferentdiameters.

Imis FlightPropulsionLaboratq,
NationalAilvisoryCammitteeforAeranautios,

ClevelE@Ohio,June24,1848.

.
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OFFLOWCONDITIONS

symbols

.

INvANELEsslm’msER

Thefollowingsynbolsareusesintheappendixes(seefig.11
forge~etrioalrelationsbetweenvelocitiesanddimensions):

b

%
D

f

8

H

h

z

M

F

P

R.
r

T

t

u

v

Va

distancebetweendiffuser

spectiioheatatoonstant

_U~c diameter

friottonfactor

accelerationof

totalenthalpy

gravity

aistanoe
axis

aista310e

betweendiffuser

wallsnormal torearshroud

~essure

wallsmeas~a pamlleltotmpeller

measuredalongflowpath

I@aohnumber(ratioof V to100alspe~ofsoun@“

totalpressure

staticpressure

gasconstant \
*1 distanoefzmmimpelleraxis

totaltemperature

statictemperature

impellertipspeed

in diffuser

of airvelocity

.

. .— .———— -.. ..— —. .— ----- . . .. .—- —.. — —— . —- .. . . . — —— .—-- ..=
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meridionaloamponent& airvelooity .

=~ ~t ~ * ~lo~tY

circumferential.oaqonentofairvelocity

wei@ltflow

flowangle(anglebetweenV Gd VJ

anglebetweendiffuserrearshroudand*1 Urmtlon

=tioofspdfioheats

maesaensity

Subsoript6:

e diffuserexit

o impeller outlet

2 outlet-duetmeaswxhg station

Alla*is

l’romidkrenoe 1 (p.19)inthenotation@ thepresentreport,,

_=.4f&azaP
P (1)

E thevaluesfor U, D, - t suggestedinreferenoe1fora
mixed-flowvanelessdiffuseraresubstitutedinequation(1),it
beoames

de f+osoadr
—a-P ()+gboos~= l-—28*

(2)

Withthegeometricalrelationmm cc=V/Vm,equation(2)beoomes

.

.

●
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.

. aP—=.
P “1)$gVmbz?l!COS ~ 1- —2gopT

(3)

Beoausenomeasurementsexoepttotalpressuresweretakenin
thediffuser,theonlyvelocitysusceptibleofappmxbationisthe
cirotierentialmmponentVe,o attheimpellertip,whichoanbe’
estimatedfromtheequation-

‘(4)

where AT is the Ufferenoe in totaltemperaturebetweenthecom-
pressorinletandout~etmeasuringstations.

The followingequationswillalsobeuse~

1.PrinOipleof angularmomcmtum(rd’erenoe4) ,

d(rVe) Par—=-rVe ‘%-

in thepresentnotation.(The
&U’f’userwallsareinolinedto
isOonsiaerea.)

2.I@lation of Oontinulty

w=

3.Velocity&ation

(5)

factthatinthegeneraloasesthe
planesperpendiculartotheaxis

2Ycrhpv*

V2=V82+Vr2sec2~

4. DenSityrelatial

. ()+f’=ii%1--

(6)

(7)
.

(8) -

.

(
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5. Energyrelation

T.To=~t (9).

Fmm thevaluesof Ve,ozTotpo$- W tie~~lete-te
ofthegasattheimpellertipoanbeestimatedbymeansofthe
equatim

.

v ‘= w
m,o Zww-cpo%,o00sPO

(Whe=Pt,oisthestagnationdensity at the impellerexitad the
@me isusedtoindioate%atthisvelocityiscalculatedinterms
ofthisaensity)

-—

v (l.,~o) ‘1=Vm,ol00S ~o —
●

r,o

V02
(vm,o’)2=%,02 + ‘

‘ (+$?“

.

mm
03

,

Whenthesolutioncd?equations(3)to(9)isapplieatothe
data,theequationsarelmwritten“Intermsofratiosofthequantities‘
tothecorrespondingvaluesattheimpellertip.H thequ=titiesA
andB areuseafor *

v
A = “0V.00sPo

.

.—. —---- .. . . —. . . . . . —. ..-- .-”4
..- .-. --- -..-....—.
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<

co
8

.
.

fvoro f seo2$0r.
J-vr,ooosp oh= I@

thefollowingequationsresult: ‘

?
—= (142) ‘@2+A2 Poz%2ro200S2 $0
V02 . 2

%,0 P%%?00s2

.

(lo)

(11)

.

(12)

r P4ro

Theseequationsmay

7
rpv00s $0
ropovo00Sp ()1a~

-1
. .

besolvedbysumessive

(13)

a~ti-. ‘A
f- appzwimationismadetothevelocityratioV/V.byusingthe
equation

,

.-. . . . .. ____ ____ ._ ._ _,___ ------- —---— .- —— —--— ——--—-
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Whid it3an appxindse fauu& equaticm(U). Withthisvalue& T/Vo, thelnt-
ot equdicm(U.)oanbephtt~ an&Po@ detenulned gzqhloslly. A valuefor p/p. my

thm be obtained fkun equatlm (12) S@ by ~phiod SOluth of ~=ti~ (13),Vefie*
Isfound. ThiEvaluemay thenbe ueeain equation(10)tofinda seoc@ approdmstion40
$/Vo2 and,&m thesecunda~tlcm to VJVe,o, a thlnlapproximationto #/Vo2
oanbe * if ~a. Thls mmpntdlon fa unnecessaryforeverypointforwhiohthe
flowis sought; the solution my be obtati”for seleotsdvaluesof A and ~ (B is
detemlnetiby eachvalueof A) andtheresultsplotted.For parthoular ooditlans of

flow, a ghphhal solutionmaythereforebe n3aiLllyobtalnea.

‘. i
,1

.
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H allthevelocitypressureatthediffuserexitisassmed
tobelostina totallyinefficientvariable—c~t colleotor,
thetotal~essureintheoutletductisequaltothestaticpres-
sureatthediffuserexit.Noheattmnsferisassumedsothatthe
totaltempemturemeasuredintheoutletductisthatatthe
diffuserexit.“(SeeappenUzAfordefinitionofs~bols.)

The,equation
~

te Vez ~e y
-—

~=1 ()2go#= ~

solvedfor Ve2 yields

[()]2’-J,Pe 7ve2=2@pTe 1 - ~

whenP2 is stistitutedfor pe h theequatiasi@Ifiedby
makingtheadd.itiaalsubstitut@n \

theequationfor Ve hOo~eS

“4-’=-)11’2

. ..— —--- —.——. . . .—— .-— — —.—. —
.- . .,.
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{e) TopYlew.

(b)Bottomvleu.
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Figure4. - Efficiency at variouedistanceaalongdiffuser radiua and
In outiet duct for Wak-afflciancy point.
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Figure5. - Usriationof lossesin efficiency with diffuser diameter: averagevalues
for maximum,peek-efficiency,endminimumioadcoefficienteandrengeof actual ‘
tip speedsfmm700 to i300 feet per second.
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‘G.- (a) Meanvaluesat three speeds.
~ t

4- (b) Actual tip speed,7~ feet per second.
o
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.94

(c) Actual tip speed, IICKIfeet per second.
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—.X7 20 . -
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Loadcoefficient, cu ftlrevolution

(d) Actual tip speed, 13~ feet perseccmd.

Figure6.- Variation of diffuser-entrance losses’with load coefficient.
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Figure 8. -Variat;on of dfffuser-exit losseswith load coefficient.
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Figure9. - Variation of diffuser-exit losses with actual tip
, spek?d.
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Figure iO. - Velocities at vanaiess-diffuser exits calculated by method of appendix B.
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